APPARATUS FOR GENERATING OPTICAL CARRIER SUPPRESSED 

RETURN-TO-ZERO 

Field of the Invention 

5 

The present invention relates generally to an 
apparatus for generating a carrier-suppressed return-to-zero 
(CS-RZ) optical signal; and, more particularly , to an 
apparatus for generating a CS-RZ optical signal, which 

10 improves the weak dispersion characteristics of a 
conventional CS-RZ signal and reduces the increase of costs 
attributable to the use of two external modulators, in the 
construction of a new optical transmitter using a single 
external modulator, an electrical mixer and a low pass 

15 filter. 

Background of the Invention 

In general, with the development of a very high speed, 
20 large capacity, long haul optical transmission system 
required in the optical Internet and large capacity optical 
transmission systems, a transmission rate of 7.5 Thz can be 
obtained using optical amplification technology with a 
wavelength bandwidth of 60 nm based on a 10 Gbit/s optical 
25 transmission system being currently commercialized. 

However, 40-Gbit/s or beyond per channel transmission 
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technology is required for the scheme of enabling very high 
speed transmission while reducing the number of channels 
because an effective transmission wavelength becomes 
narrower than the above-described wavelength bandwidth of 60 
5 nm when guard wavelength intervals are taken into 
consideration in terms of cross talk between WDM channels. 

Meanwhile, when the transmission rate per channel of 
an optical signal increases from 10 Gbit/s to 40 Gbit/s or 
beyond, signal distortion in an optical link is increased 

10 four or more times as much as at 10 Gbit/s due to the 
increase of required OSNR, chromatic dispersion, 
polarization mode dispersion and a non-linearity effect. 

Of the above-described causes of signal distortion, 
the chromatic dispersion is increased 16 or more times as 

15 much as at 10 Gbit/s, so that a more accurate method is 
required to compensate for the chromatic dispersion for all 
the channels in broadband WDM transmission. Furthermore, 
signal distortion attributable to the polarization mode 
dispersion is increased four or more times as much as at 10 

20 Gbit/s, so that an active polarization mode dispersion 
device is required to compensate for such signal distortion. 

The increase of signal distortion restricts the 
transmission distance of an existing optical transmission 
system, and acts as a cause to change the configuration of 

25 an existing optical network. 

In the meantime, a Non-Return-to-Zero (NRZ) signal 
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scheme is advantageous in that the manufacturing costs 
thereof can be reduced because it allows the construction of 
a transmitter to be simplified, but is weak to signal 
distortion attributable to chromatic dispersion, 
5 polarization mode dispersion and a non-linearity phenomenon 
of the optical link. Accordingly, a Return-to-Zero (RZ) 
signal scheme is preferred. 

Such a RZ signal scheme is advantageous in that 
receiver sensitivity at the receiver is superior, it is 

10 convenient to extract a clock signal, and signal distortion 
attributable to the non-linearity phenomenon is small, but 
is disadvantageous in that it is weak to chromatic 
dispersion because its optical spectrum bandwidth is wide. 

Accordingly, the results of researches for improving 

15 transmission characteristics while reducing the spectrum 
bandwidth of an optical signal using a CS-RZ scheme have 
been reported. A CS-RZ signal is characterized in that it 
is robust to the non-linearity phenomenon of an optical 
fiber, can be transmitted over a long haul, and allows more 

20 channels in an available wavelength region to be utilized 
because the optical spectrum bandwidth thereof is narrower 
than that of the conventional RZ signal. 

In the meanwhile, a conventional optical transmitter 
for generating a CS-RZ signal utilizes two external 

25 modulators, the first one of which is utilized to optically 
modulate NRZ data, and the second one of which is utilized 
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to generate carrier-suppressed pulses. In this case, a RF 
signal input to the second external modulator is a clock 
signal having half of a data transmission rate and voltage 
two times of the first external modulator, with a bias 
5 voltage to be placed at the null point of the transfer 
function of the second external modulator. Thereby 
generated optical clock signal is mixed with a NRZ optical 
signal at an optical domain, thus producing a CS-RZ signal. 

The reference papers related to conventional optical 
10 transmitters for generating CS-RZ signals are as follows: 

1. Yutaka MIYAMOTO, Kazushige YONENAGA, Akira HIRANO, 
Masahito TOMIZAWA, Nx40-Gbit/s DWDM Transport System Using 
Novel Return-to-Zero Formats with Modulation Bandwidth 
Reduction, IEICE Transactions on Communications , Feb. 2002, 

15 Vol. E85-B-, No. 2, pp. 374-385 

2. Kiyoshi FUKUCHI, Kayato SEKIYA, Risato OHHIRA, 
Yutaka YANO, Takashi ONO, 1.6-Tb/s (40x40 Gb/s) Dense WDM 
Transmission Experiment Over 480 km (6x80 km) Using Carrier- 
Suppressed Return-to-Zero Format, IEICE Transactions on 

20 Communications , Feb. 2002 r Vol. E85-B, No. 2, pp. 403-409 

3. Vassilieva, O.; Hoshida, T.; Choudhary, S.; 
Castanon, G.; Kuwahara, H., Numerical comparison of NRZ, CS- 
RZ and IM-DPSK formats in 43Gbit/s WDM transmission, Lasers 
and Electro-Optics Society, 2001. LEOS 2001. The 14th Annual 

25 Meeting of the IEEE, Volume 2, 2001, pp. 673-674 

In the meantime, the CS-RZ signal is characterized in 
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that it is robust to the non-linearity phenomenon of an 
optical fiber, such as Stimulated Brillouin Scattering (SBS), 
Self Phase Modulation (SPM) and Cross Phase Modulation (XPM) . 
However, the CS-RZ signal is characterized in that it 
5 is relatively weak to optical fiber dispersion, so that it 
is problematic in that the weakness makes the design and 
management of an optical link difficult- Furthermore, as 
shown in FIG. 1, a conventional method employs two external 
modulators for generating a RZ signal and modulating data to 
10 generate a CS-RZ signal. Accordingly, a problem arises in 
that the use of the two modulators increase the costs of an 
optical transmitter because the external modulators are most 
expensive in the construction of the optical transmitter. 

15 Summary of the Invention 

It is, therefore, an object of the present invention 
to provide an apparatus for generating a CS-RZ optical 
signal, whi-ch is capable of generating an optical signal 
20 having weak dispersion characteristics, which the CS-RZ 
optical signal has, in the construction of a new optical 
transmitter that generates a CS-RZ signal using a single 
external modulator, an electrical mixer and a low pass 
filter (LPF) . 

25 In accordance with the present invention, there is 

provided an apparatus for generating a CS-RZ signal, 
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including a mixer generating a modulator input by mixing 
data with a half clock signal; a LPF band-limiting the 
modulator input data, which has been provided from the mixer, 
into low frequency band data; a driver amplifier amplifying 
5 the modulator input data generated by the mixing of the 
mixer and the band-limiting of the LPF; and an external 
modulator generating a CS-RZ signal, in which phases of 
adjacent pulses have been inverted, by applying bias voltage 
to the modulator input data, which has been amplified by the 
10 driver amplifier, to be placed at the null point of the 
transfer function of the external modulator. 

Brief Description of the Drawings 

15 The above and other objects and features of the 

present invention will become apparent from the following 
description of preferred embodiments given in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a configuration diagram showing a 
20 conventional optical transmitter for generating a CS-RZ 
optical signal; 

FIG. 2 is a configuration diagram showing an optical 
transmitter for generating a CS-RZ optical signal in 
accordance with a preferred embodiment of the present 
25 invention; 

FIG. 3 is a view illustrating the principle of the 
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generation of an optical modulator drive signal used to 
generate the CS-RZ optical signal in accordance with a 
preferred embodiment of the present invention; 

FIGs - 4A to 4D are graphs illustrating the optical 
5 spectra and eye diagrams of a CS-RZ signal generated by the 
optical transmitter of FIG. 2; 

FIG. 5 is a graph illustrating the results of 
simulation tests on the dispersion characteristics and 
optical signal bandwidth of the CS-RZ signal based on the 
10 LPF in accordance with a preferred embodiment of the present 
invention; and 

FIG. 6 is a graph illustrating the results of 
simulation tests on the power penalty and eye diagram of the 
CS-RZ signal depending on the bandwidth of the LPF in 
15 accordance with a preferred embodiment of the present 
invention . 

Detailed Description of the Preferred Embodiments 

20 Reference now should be made to the drawings, in which 

the same reference numerals are used throughout the 
different drawings to designate the same or similar 
components . 

FIG. 2 is a configuration diagram of an optical 
25 transmitter for generating a CS-RZ optical signal in 
accordance with the present invention. The optical 
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transmitter of the present invention includes a mixer 10 
that mixes two RF signals in an electrical signal region, a 
Low Pass Filter (LPF) 20 that passes only a low frequency 
band therethrough, a driver amplifier 30 that amplifies an 
5 optical signal filtered to a low frequency band signal, and 
an external modulator 40 that generates a CS-RZ signal. 

The mixer 10, as shown in FIG. 3, mixes data having a 
transmission rate B with a half clock having half of a 
transmission rate B/2 into a modulator input and provides 
10 the modulator input to the LPF 20. 

That is, the mixer 10 provides modulator input data to 
the LPF 20, with logical data "0" being adjusted to data OV 
and a clock signal being adjusted to symmetrically swing 
around O V. 

15 The LPF 20 band-limits modulator input data, which has 

been provided from the mixer 10, into a low frequency band 
signal, and provides the low frequency band signal to the 
driver amplifier 30. In this case, the band-limiting 
decreases the optical spectrum bandwidth of a CS-RZ signal 

20 while reducing the noise of a signal, and the decrease of 
the optical spectrum bandwidth results in the improvement in 
the dispersion characteristics of the optical signal. In 
this case, the bandwidth of the LPF is adjusted to increase 
the dispersion tolerance of an optical signal while 

25 minimizing the distortion of the signal. 

The driver amplifier 30 amplifies the modulator input 



data provided from the mixer 10 and band-limited through the 
LPF 20 so that logical data "0" becomes 0 V and logical data 
"1" becomes ±Vn, the voltage required for n phase difference 
in the external modulator, and provides the amplified 
5 modulator input data to the external modulator 40. 

The external modulator 40 applies a bias voltage to 
the amplified modulator input data, which has been amplified 
by the driver amplifier 30, so that the amplified modulator 
input data is placed at the null point of the transfer 
10 function of the external modulator, thus generating a CS-RZ 
signal in which the phases of adjacent pulses have been 
inverted . 

In the meantime, FIGs. 4A and 4D are graphs 
illustrating the optical spectra and eye-diagrams of the CS- 

15 RZ signal generated by the optical transmitter of FIG. 2. 
FIG. 4A illustrates the case where there is no electrical 
band limiting. FIG. 4B illustrates the case where the 
bandwidth of the LPF is IB (B = 40 Gbit/s) . FIG. 4C 
illustrates the case where the bandwidth of the LPF is 0.75 

20 B. FIG. 4D illustrates the case where the bandwidth of the 
LPF is 0.5 B. From the drawings, with the decrease of the 
bandwidth of the LPF, the bandwidth of the spectrum of an 
optical signal is decreased, while the signal distortion of 
the eye diagram is increased. In other words, the decrease 

25 in the spectrum bandwidth of the optical signal causes 
dispersion tolerance to increase in the optical link. 
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FIG. 5 is a graph illustrating the results of 
simulation tests on the dispersion characteristics and 
optical signal bandwidth of the CS-RZ signal based on the 
LPF in accordance with the present invention. An ideal 
5 mixer is used to examine the characteristics of the CS-RZ 
signal, a four-order Bessel filter is used as a LPF, and a 
three-order Gaussian bandpass filter is used as a WDM filter 
at an optical link. 

As a result, in the case where the LPF 20 is used, as 

10 in the present invention, as the bandwidth of a filter 
becomes narrower, the magnitude of dispersion tolerance 
becomes larger and the spectrum bandwidth of an optical 
signal becomes narrower, in comparison with that in the case 
where a LPF is not used. 

15 As described above, the present invention provides an 

apparatus for generating a CS-RZ optical signal, which 
generates an optical signal having weak dispersion 
characteristics, which the CS-RZ optical signal has, in the 
construction of a new optical transmitter that generates a 

20 CS-RZ signal using a single external modulator, an 
electrical mixer and a LPF, thereby facilitating the design 
and management of an optical link. Furthermore, the costs 
of an optical transmitter can be reduced by the generation 
of a RZ signal, for the purpose of generating the CS-RZ 

25 signal and the use of the single external modulator for the 
purpose of modulating data. 
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While the invention has been shown and described with 
respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
5 and scope of the invention as defined in the following 
claims . 
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